The purpose of this study was to develop methods for detection and quantitation of food-borne virus. Samples (25 g) of cottage cheese, contaminated with various quantities of coxsackievirus type A9, comprised the model system. Two of the methods presented have at least a 50% probability of detecting virus at levels below 5 plaque-forming units/25-g sample. Noteworthy aspects of these methods include use of a glycine-NaOH buffer (pH 8.8) containing approximately 1 M MgCl2 as the diluent in which the sample is slurried, treatment of the slurry with Freon TF and bentonite to facilitate centrifuge clarification, and concentration of the clarified sample extract by a two-stage process employing polyethylene glycol followed by ultracentrifugation. Virus in the final 0.5-mi sample concentrate was detected and quantitated by the plaque technique in rhesus monkey kidney cell cultures. Processing of the sample requires approximately 2 days, and the inoculated cultures may have to be observed for as long as 7 days thereafter. If these levels of sensitivity are desired, and if 12 samples per day are tested on a routine basis, the cost savings achieved by employing these methods rather than testing sample extracts without concentration may range from 75 to 90%.
Enough outbreaks of human disease are now on record to suggest that food is occasionally a vehicle in the transmission of virus (3) . This epidemiological record has been taken to indicate that, for viruses infecting the gastrointestinal tract of the human food handler, mishandling of foods occasionally occurs, with resultant contamination of the product with virus-containing feces. Evidence indicates that even a thoroughly cooked food may be rendered unsafe if it is mishandled by an infected individual prior to packaging or just prior to serving.
There is a clear need for sensitive methods of detecting food-borne viruses. Such methods could be employed in epidemiological investigations, in research on the inactivation of food-borne viruses, and ultimately in surveillance for virus safety of food products. The costs of available methods, including the one to be described, are so high that they would be useful in routine surveillance only when the consequences of producing a virus infection as a result of food contamination would be potentially extremely dangerous.
The purpose of this study was to develop a model method for the detection of low levels of virus in a food. The selected model system consists of cottage cheese and a laboratory strain of coxsackievirus type A9. Three classes of foods might occasionally have to be tested for the presence of viruses: fluids, solids likely to be contaminated in depth, and solids in which contamination is likely to be limited to the surface of the food. Cottage cheese falls into the second of these categories. As such, it seems to present the greatest potential problems in processing for virus detection. Fluid foods are intrinsically in a form which will permit the initiation of testing without further dilution. In the case of surfacecontaminated foods, if virus can be dislodged from the surface at all, it is likely that this can be accomplished without adding to the virus suspension a great deal of food substance. Since cottage cheese lacks form, it must be supposed that, if contaminated, it would be contaminated in depth. It must be converted to fluid form for testing, and the fluid suspension thus obtained will necessarily contain a great deal of food solids. A great proportion of the solid matter in cottage cheese comprises colloidal protein which can, under certain circumstances, greatly complicate the detection process. Cottage cheese was therefore selected as the model food vehicle in these studies because it is a very challenging substance.
Coxsackievirus type A9 was selected as the model virus agent because it is a representative of the smaller human enteric viruses which one might expect to contaminate foods under the circumstances described above. The small size of of detection. In other respects, this virus is quite tractable: it is relatively heat stable and is readily detected and quantitated in tissue culture.
It was intended that the detection system developed would permit the detection of viruses at very low levels of food contamination. Sensitivity of the detection system is both required and limited by the fact that virus multiplies only in appropriate living host cells. Sensitivity is required because it is believed that there can never be more virus in a food than was introduced at the time of contamination. Storage of the sample prior to testing may result in a reduction of virus content, but never an increase; therefore, since the oral infectious dose of some enteroviruses is very small (6), one must suppose that the presence of any infectious virus in the sample is of significance to human health. Sensitivity of detection methods is limited by the inability of viruses to multiply outside of living cells, since, for viruses, there is nothing comparable to the enrichment techniques used in detecting food-borne bacterial pathogens.
Detection of a virus in the present context means production by the agent of a demonstrable infection in a living host system. Sensitivity in testing foods whose virus content is low can be gained only by increasing the sample size. Gains in sensitivity might be achieved if it were possible to prepare a large sample in fluid form and to inoculate all of it into the requisite quantity of living host substrate. However, the cost of the host system places limitations upon this approach. One alternative is to reduce the sample volume by concentration, so as to limit the quantity of living substrate required to test a given quantity of food. Tissue culture cells comprise the host system employed in detection in the present study, so that the reduction of sample volume by concentration is warranted only if the cost of the concentration procedure, and of the necessary additional preparation of the sample suspension prior to concentration, is less than the alternative cost of the additional tissue cultures which would be required in testing the entire volume of the original sample suspension, allowing for the additional virus losses which may occur during preparation and concentration.
It has been shown that fluid can be removed from dilute virus suspensions through dialysis tubing by the hydrophilic action of polyethylene glycol (1, 5) . The advantages of the polyethylene glycol method are relatively low cost per sample and virtually unlimited sample capacity; the principal disadvantage is relatively low quantitative efficiency of enterovirus recovery, particularly when the method is used for total concentration (1) . It has been shown that the preparative ultracentrifuge can be used to remove virus from dilute suspensions with relatively high quantitative efficiency (4, 5) . The disadvantages of this method are the high cost per sample and the limited sample capacity of the equipment. The method described in the present study combines both techniques in an attempt to take advantage of their best features while limiting their disadvantages. The nominal concentration factors achieved by the method may be computed in two ways, both of which are based upon the reduction of sample quantity. In the conservative approach, one considers that a standard 25-g sample of the food itself is being reduced to a volume of 0.5 ml prior to testing and therefore states that the volume reduction has been 50-fold. Since the volume of clarified food extract obtained from the 25-g sample exceeds 100 ml, one might also conclude that, when this volume has been reduced to 0.5 ml, a concentration of 200-fold has been achieved. These are called nominal concentration factors because they disregard any loss of virus which may result during the concentration process. Thus, a 200-fold reduction in sample volume with a 50% virus loss would result in a true net increase of only 100-fold in the titer of virus per unit sample volume. In a system in which the original fluid food slurry might be tested directly in tissue cultures (if enough were available), it is the net concentration factor achieved (based on virus loss and volume reduction) which determines the advantage gained by concentration. A further limitation upon the concentration of food samples for virus detection is that both the polyethylene glycol and ultracentrifuge methods are subject to physical interference by food components. It is therefore necessary that the original food suspension or slurry be clarified to remove these food components prior to beginning the concentration process.
The clarification step in processing food samples may present greater problems than the concentration itself. Ideally, one is attempting to remove virtually all of the food solids from the fluid suspension while losing none of the virus.
Many of the clarification methods tested in the course of the present study fall considerably short of this goal. First, it has been found that virus in the suspension may be removed together with the food solids and discarded. Second, some of the treatments employed in clarification inactivate the virus so that, although it is still physically present in the final preparation, it is no longer capable of producing a demonstrable infection. Finally, it is noted that the costs involved in clarification (particularly labor costs) may be greater than those involved in the subsequent concentration. 
DETECTION OF FOOD-BORNE VIRUS MATERIALS AND MErHODS
The preparation of coxsackievirus Type A9, strain P.B. (Bozek), employed in these studies has been described previously (4). The plaque titration method which had been used in our laboratory (1, 4) was modified to include two washings of the primary rhesus monkey (Macaca mulatta) kidney cell monolayer with 5 ml of phosphate-buffered saline (PBS) at the end of the adsorption period. This was necessitated by the presence, in some of the samples, of food residues which, if not removed, would be trapped in the agar and would tend to obscure the plaques.
A general approach was common to all of the procedures tested. A known quantity of virus was added to 25 g of creamed cottage cheese which had been bought at retail. This model "sample" was homogenized in aqueous diluent plus other additives and centrifuged to remove as much of the food solids as possible. The supernatant fluid ("food extract") was concentrated by a sequential process of dialysis against polyethylene glycol followed by ultracentrifugation. The pellet in the ultracentrifuge tube was collected in about 0.4 ml of PBS diluent and tested in a single tissue culture by the plaque technique.
Criteria for adequacy of clarification of the food extract were subjective. Clarity was considered to be sufficient if the extract was opalescent rather than opaque or translucent, if the pellet resulting from ultracentrifugation was barely visible, and if the concentrated sample was not toxic for the cells of the culture in which it was tested. These criteria were applied sequentially to clarification methods under study, and each technique was abandoned or modified if found unsatisfactory. Toxicity problems were never entirely eliminated. Finally, apparently adequate clarification methods were tested with slurries of virus-contaminated cottage cheese. The goal in this case was the highest possible volume yield of clear extract with the highest possible virus titer. Only limited attempts were made to determine whether virus loss was due to its removal with the food solids or to inactivation.
The concentration process combining dialysis against polyethylene glycol with ultracentrifugation was adapted from techniques described previously. Polyethylene glycol (Carbowax 20000, Union Carbide) was melted in an autoclave (121 C, 30 min) and cast into cylinders (1.5 X 100 cm) by pouring it through a polypropylene powder funnel to which a length of dialysis tubing had been fitted. When hard, the casting was stripped and cut into 16-cm lengths (approximately 30 g). One of these "slugs" was inserted into an 80-cm length of dialysis tubing (32 mm flat width) which was doubled back upon itself. A special funnel consisting of the conical portion of a 500-ml Erlenmeyer flask fused to a 25-mm (outside diameter) cylindrical neck was inserted into the mouth of a polyallomer tube for the no. 30 rotor of the Spinco model L ultracentrifuge. The dialysis tube containing the "slug" was passed through the neck of the funnel and down into the ultracentrifuge tube. The fluid extract of a 25-g cottage cheese sample (ca. 105 ml) was poured into the funnel. After 10 to 16 hr at 24 to 37 C, the volume of the extract was reduced to <35 ml by imbibition of water and solute into the dialysis tube. The outer surface of the dialysis tube and the inner surface of the funnel were rinsed with a small volume of deionized water, which ran down into the concentrated sample. The dialysis tube and funnel were removed; the ultracentrifuge tube was capped, filled to capacity with PBS, and run for 5 hr at 105,000 X g.
Three detection methods reached the point in processing at which it was thought worthwhile to determine their end point sensitivities. Samples were inoculated with twofold dilutions of virus at levels of <1 plaque-forming unit (PFU) per g of the food. Comparable inocula were held in the refrigerator while the detection procedure was carried out; the control virus suspensions and the concentrated samples were tested simultaneously in tissue cultures. Results were expressed as 50% end points, as has been done previously (1, 2, 4). The details of each of these three methods were tabulated. In method A (Table 1) , the most significant feature was the use of 100 ml of Freon TF (DuPont) in step 1. The remainder of the procedure was predicated upon the use of this additive. Addition of bentonite to the mixture in step 1, as in method B, required a change of diluent composition but permitted simplification of the concentration process (Table 2 ). Method C ( Comparison of Tables 2 and 3 reveals that the only procedural difference in method C (Table 3) is the addition of a Freon TF treatment of the first food extract. This was found to produce a greater degree of clarity, judged by the appearance of the food extract or by the size of the pellet following ultracentrifugation, with little or no virus loss and possibly a slight gain in the quantitative efficiency of virus recovery for the entire detection method. When bentonite was added with Freon TF in step 3, >90% virus loss resulted.
Concentration. There were several advantages in reversing the polyethylene glycol concentration so that the sample was outside, rather than inside, the dialysis tubing. First, the ease of handling the polyethylene glycol was greater both at the start and the end of the process. Second, residues of sample could be rinsed from the outside of the dialysis tubing without requiring the special equipment which had to be used in recovering samples from inside the tubing (1 Detection. The plaque technique was employed to detect virus in these experiments because it provided both qualitative and quantitative information. The practice of washing the cell sheet at the end of the adsorption period served to remove any gross food solids which might have been present in the inoculum and also to reduce the microbial population in the culture. The market cottage cheese to which the virus was added was not sterile, nor were aseptic procedures used during the processing of the samples. With reasonable care to minimize contamination in handling, it was found that washing the cells, plus the normal level of antibiotics in the overlay medium, sufficed to prevent visible contamination of the cultures. The toxic effect observed on occasional cultures has never been satisfactorily explained, but its incidence was apparently lower with samples prepared by method C than by method B, and lower still when concentrated food solids were removed prior to testing, as in step 6 of method A. Sensitivity. Approximately a 20% virus loss could be anticipated in the clarification step by each of these methods. Demonstration of virus losses in other steps has been extremely difficult when these have been tested individually at levels of contamination exceeding 10 PFU/g of sample. Nevertheless, it was reported previously that the quantitative efficiency with which virus was recovered at lower contamination levels, even in the absence of food solids, was significantly decreased (1, 4, 5) . Low-level contamination will be defined in the present case as <1 PFU/g of sample. It will be shown that the quantitative efficiency with which virus is recovered in this range is relatively low and that the quantity of virus which must be present in a sample to produce a 50% probability of detection is thereby increased.
Results of experiments in which method A was tested (Table 4) are too limited to allow precise evaluation of the parameters associated with this method, but it should be noted that the 50% end point was approximately 10 PFU/sample and that about 7 % of the virus added to the food was recovered. None of the cultures used to test the concentrated food extracts showed any toxic effects.
Intoxication and killing of culture cells occurred with significant frequency in tests of method B (Table 5) . Two interpretations of these data are possible, depending upon whether one chooses to include the toxically affected cultures in the calculations. The toxically affected cultures were excluded from consideration because a test procedure other than the plaque technique might have spared these cultures, and some of them might have yielded positive results. If the tests in which the cells died are considered to be negative, the 50% sensitivity end point of method B is approximately 4.5 PFU/sample, and about 20% of the virus was recovered. The 50% end point may be estimated at 3.9 PFU/sample with the dead cultures excluded, but the computation of quantitative efficiency becomes somewhat more complicated. In Table 5 , a column was added which gives the number of plaques seen in the cultures receiving the control inocula, "adjusted" to the number of PFU probably present in the food samples whose concentrated extracts did not kill the test cultures. The adjusted quantitative efficiency was found to be approximately 22%.
In tests by method C (Table 6 ) only 1 of 24 test cultures showed any toxic effect, and the influence upon the interpretation of the results is, therefore, relatively slight. The 50% end point for method C is approximately 3.9 PFU/sample, and the quantitative efficiency is about 35%, with all samples included. Excluding the only sample which destroyed its test culture, the corresponding values are approximately 3.7 PFU/sample and 36% recovery.
Two further experiments were performed in an effort to define more adequately the difference in the efficiencies of methods B and C. In each, DIscUSSION The 25-g samples of cottage cheese employed in these studies could be expected to contain approximately 6 g of food solids, of which the bulk is protein (7) . The methods developed were intended to separate from this, as completely as possible, less-than-picogram quantities of virus. This goal has been at least partially achieved. The bulk of food solids present in the original sample is so great that concentration to <0.5 ml would be impossible unless the major portion had been removed. Still, enough of the food remains in the clarified extract to interfere with the adsorption of virus to filter membranes; this in turn has ruled out the use of adsorption to membranes and elution, as was done previously with water samples (2), as a means of concentrating the virus.
The data indicate that a reasonable degree of sensitivity has been achieved. The 50% sensitivity end point for both methods B and C is <5 PFU/sample, or <0.2 PFU/g of food. As stated above, the utility of achieving this degree of sensitivity by this means must ultimately be judged by whether cost savings result. The stand-ard of comparison is the simplest possible detection method which eschews concentration by testing the entire volume of food extract, after minimal clarification, to achieve a comparable level of sensitivity. As little as 20 ml of extract from cottage cheese contaminated at 0.2 PFU/g could be expected to provide a level of sensitivity comparable to method B; this would require approximately 40 tissue culture flasks if it were to be tested without concentration.
Analyses of direct costs indicate that flask cultures produced by our methods are worth about $1 each, so that the total cost of testing such a sample without concentration would exceed $40. It has been found that methods B and C may be carried out on a routine basis and will accommodate 12 samples per day. Assuming routine testing of 12 samples per day, with full utilization of labor at other tasks when not actually engaged in the performance of these procedures, the total costs of labor, materials, depreciation of equipment, etc., have been estimated at $3.88 per sample for method B and $4.43 per sample for method C. The costs of everything but the tissue culture preparations might be increased by as much as 100% in a less efficient operation, in which case the totals would be $6.76 and $7.86 per sample, respectively. It thus appears that concentration by this method makes possible a significant saving in the cost of testing a sample. It should also be noted that 480 flask cultures per day would be consumed in testing 12 samples. These cultures are observed daily from the 2nd through the 6th or 7th day after inoculation, so that 2,400 cultures would have to be observed each day to meet the same schedule.
The work reported here was done with a single model system. If the methods described are to be employed in the testing of field specimens, a great deal more must be learned concerning their suitability for other foods and other virus contaminants. Studies intended to produce the necessary information are already under way. For this reason, judgment has been withheld as to whether the small gain in efficiency of method C compared to method B warrants the additional trouble and cost. Preliminary data indicate that the additional Freon TF treatment may be essential for some foods and of no value whatever for others.
It is possible that these methods could also be applied to the detection of viruses in clinical specimens, such as feces or blood clots, and in infected tissues. Perhaps only in special circumstances would the levels of sensitivity attainable by these methods be required in clinical applications. Compromise methods, by which lesser sensitivities might be achieved at a lower cost per sample, may also merit study. 
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